Abstract. The representative surface soils (0-20cm) were collected from farmland of Jiutai County, Jilin Province, Northeast China, and concentrations of Pb, Cr, Ni, Cu, Zn and Cd were analyzed. The aims were to investigate the contamination levels and potential threat to agricultural products and human health. The results showed that Pb, Cr, Ni and Cu concentrations were beyond the background values of Jilin Province, while Zn and Cd were lower than the corresponding background values. The heavy metals were all not beyond the Second standard limits of Chinese Soil Environmental Quality, and the soil was moderately contaminated by Pb, Cr, Ni and Cu.
Introduction
In China, the soil contamination has become increasingly severe, especially in cropland [1] . However, the previous research had demonstrated that the heavy metals would be taken and had subsequent effects on soil-dwelling organism with the increasing heavy metal levels in soil [2] . When the contents of heavy metals in soil were beyond the background values, the soil should be made a comprehensive evaluation to understand the pollution situation and to assess the effects on the crop growth and human body [3] . The typical maize fields of Jiutai County, Northeast China were selected as the research area to evaluate the heavy metal pollution, which could help in understanding the accumulation of heavy metals in typical maize field and evaluating the safety of soils for crop growth.
Materials and Methods
Overview of Study Area. Jiutai county (43°51'-44°32'N, 125°25'-126°30'E) is located in the middle part of Jilin Province, Northeast China ( Figure 1 ). The temperate continental monsoon climate is privileged with distinct four seasons. Annually average temperature is 4.7℃ and the annual average temperature difference is about 39.5℃。The mean annual rainfall is 577mm, mainly occurring in June, July and August. The cultivated farmland of Jiutai County is about 1,600 thousand hectares, mainly producing maize, rice and sorghum.
Soil Sampling. Soil samples were collected from the surface soil (0-20cm) in October 2015 as shown in Figure 1 . The representative 107 samples were collected based on prevailing wind direction. Eight samples were selected from each town, with one sample along the upwind direction, three samples along the prevailing wind direction, and four samples along the two secondary prevailing wind directions. The sampling sites were randomly chosen with the density of about one every 1 km along the wind direction and at least 100 m away from industry, traffic and residential areas. Approximately 1.0 kg of soil was taken for each site and grass, leaves, roots and stones were manually removed. All soil samples were air-dried, passed through a 2mm nylon sieve for analysis. Experimental Analysis. The soil pH value was measured at 1:1 (w/v) soil-water ratio by a pH-meter (pHS-3B, Leici, Shanghai). The organic matter content was determined by the Walkley-Black procedure [4] . According to the Chinese standard methods (GB/T 17138-1997, GB/T 17141-1997), metals in soils were digested by HClO 4 -HNO 3 -HF and HNO 3 -HClO 4 , respectively. The total concentrations of Pb, Cr, Ni, Cu and Zn were determined through flame (air-acetylene) atomic absorption spectroscopy (FAAS), Cd was determined through graphite furnace atomic absorption spectrometry. All the analyses were carried out in triplicate and the standard deviations of parallel samples were within ±5% of the mean.
Methods of heavy metal pollution assessment. The geoaccumulation index, Nemero synthesis pollution index (NPI) were applied to assess the soil contamination by heavy metals. The geoaccumulation index (I geo ) assessment used the method of Muller (1969) [5] contrasted with the soil background values of Jilin province [6] . The NPI was used to assess the pollution risk and gain the potential contaminated area [7] .
Statistical and Geostatistical Analyses. The SPSS 16.0 and Origin 8.0 were used for carrying out statistical analyses.
Results and discussion
Soil Properties. The soil pH values were ranged from 4.57 to 7.64, indicating that soils were acidic and weak alkaline conditions for research area (Table 1) . Most soil pH values (98.13%) were below 7 and the mean pH value was 5.37, which was lower than the background value of Jilin province (7.25). The soil acidification was mainly due to high-fertilizer inputs and removing base cations by plants [8] . The soil organic matter content was ranged from 15.57g/kg to 44.73g/kg with a great percentage (93.46%) within 15g/kg to 30g/kg, and the mean content was 23.38g/kg, which was slightly higher than the background value (18.20g/kg).
The Concentration Characteristics of Heavy Metals. The statistics for heavy metal concentrations in soil were shown in Table 2 . The mean concentrations were 29.88 ± 3.97 mg/kg for Pb, 62.19 ± 27.51 mg/kg for Cr, 23.75 ± 6.72 mg/kg for Ni, 16.95 ± 4.54 mg/kg for Cu, 54.99 ± 11.69 mg/kg for Zn and 0.088 ± 0.027 mg/kg for Cd. The coefficients of variation were ranged from 13.29% to 44.24%, in the order of Pb<Zn<Cu<Ni<Cd<Cr. The differences of C.V. indicated that anthropogenic activities had significantly influenced on the heavy metals in soil. (Figure 2 ). 65.42% and 71.96% of Ni and Cu were higher than corresponding background value. However, the mean concentrations of 54.99 mg/kg for Zn and 0.088 mg/kg for Cd were lower than their background values (67.14 mg/kg for Zn and 0.110 mg/kg for Cd), and 77.57% and 67.29% of Zn and Cd were lower than the corresponding background values. The contents of heavy metals in the study area were all not beyond the gradeⅡof Chinese Soil Environmental Quality Standard, indicating that the soil of Jiutai County fit for the standard for agricultural practices, the agricultural products from the study area were safe to human health. Table 2 , the values of Pb I geo were ranged from -0.74 to 0.30 with mean value of -0.17; those of Cr were ranged from -1.65 to 1.23 with mean value of -0.33; those of Ni and Cu were ranged from -2.62 to 0.27 and -2.44 to 0.48 with mean values of -0.42 and -0.48, respectively. 99.07% of Zn I geo and 96.26% of Cd I geo were below zero, which were classified as the first class; While 18.69%, 25.23%, 18.69% and 7.48% of Pb, Cr, Ni and Cu were classified as the second class, which were uncontaminated or moderately contaminated by heavy metals.
The NPI values were ranged from 0.90 to 2.71 with mean value of 1.39. All soil samples were higher than 0.7 and the maximum value reached 2.71, suggesting that the study area were polluted in different levels by heavy metals. 93.46% of soil NPI was between 1 and 2, indicating that most soil was lightly contaminated. 1.87% of soil NPI was between 0.7 and 1 for the guard level, and 4.67% of soil NPI was between 2 and 3 for the medium contamination level. 
Conclusions
The soil pH was lower and the organic matter was slightly higher than the background values of Jilin province. The application of fertilizer was the major factor of the soil acidification and the elevation of organic matter. The concentrations of heavy metals were not beyond grade Ⅱ of Chinese Soil Environmental Quality Standard, indicating that the soils were safe for plant growth. The mean concentrations of heavy metals except Zn and Cd were all beyond the background values of Jilin province, indicating that anthropogenic activities were involved in Zn, Cu, Ni, Cd and Cr sources. Pb, Cr, Ni and Cu in soils were accumulated by with some moderately contaminated except Zn and Cd. Through NPI analysis the maize field of Jiutai County was lightly contaminated by heavy metals which came from the anthropogenic activities of traffic and agricultural practices.
